In this study we investigate for the first time the biomedical potential of using a membrane made from anodic aluminium oxide (AAO) for culturing the Madin-Darby Canine Kidney (MDCK) epithelial cell line. Nano-porous aluminium oxide membranes exhibit interesting properties such as high porosity, which allows the exchange of molecules and nutrients across the membrane and can be made with highly specific pore sizes that can be preselected by adjusting the controlling parameters of a temperature controlled two-step anodization process. The cellular response and interactions of the MDCK cell line with the synthesised nano-porous AAO membrane, a commercially available membrane and a glass control were assessed by investigating cell adhesion, morphology and proliferation. The number of viable cells proliferating over the surface of each respective membrane was quantified over a 72 h period and revealed that synthesised alumina membrane was at least comparable to the glass control substrate. Furthermore, both optical and electron microscopy investigations revealed distinct evidence of focal adhesion sites on the nano-porous membranes and the penetration of cellular extensions into the pore structure. The results of the study indicate that nano-porous AAO membranes have the potential to become practical cell culture substrates with the ability to enhance adhesion and proliferation of MDCK cells.
Introduction
Porous aluminium oxide membranes derived from the electrochemical process of anodization of aluminium metal has been studied in detail in a variety of polyprotic acids or electrolytes, temperatures and anodization voltages for more than sixty years [1] . Using the conventional anodization process in polyprotic acids (e.g., oxalic, phosphoric or sulphuric acid) a nano-porous oxide layer can be formed over the metal surface. Unfortunately, during the formation process, the resulting pores arrangement is quite disordered. However, in 1998, Masuda et al. [2] using a two-step anodization process was able to produce a highly ordered hexagonal pore structure from a set of pre-arranged macroscopic parameters. These controllable macroscopic parameters (acid type and concentration, temperature and applied voltage) dictated the resulting nanometer scale structure that is formed in the AAO layer, thus producing an array of pore diameters, periodicity and density distribution. Thus, the pore diameter is dependent on the electrolyte and applied voltage, while the thickness depends on the duration of the anodization process, which allows for the synthesis of porous structures with large aspect ratios [3, 4] . These attractive features make AAO membranes an ideal template for a variety of nanotechnology applications that use them in the manufacture of nanometer scale materials and devices [5] [6] [7] or incorporate them into specific applications such as biological/chemical sensors [8, 9] , nanoelectronic devices [10, 11] , filter membranes [12] and medical scaffolds for tissue engineering [13] [14] [15] .
Cellular response and cell-substrate interactions are directly affected by the environment of the substrate on which the cells are cultured and can also have a profound influence on cell activity, adhesion, morphology and proliferation [16] . The sizes of cells are typically in the micrometre range, with their component structures and associated environment being in the sub-micrometre to nanometre range. The significance of the nanometre scale becomes apparent when you consider the molecular building blocks of life such as: proteins, carbohydrates, nucleic acids and lipids are all nanometre-sized structures. Therefore, cellular interactions with nanostructures such as proteins are crucial for controlling cell functions such as migration, proliferation, and the production of the extracellular matrix, (ECM) [17] . Furthermore, the physical structure and surface chemistry of the nanostructure can directly influence the behaviour of the cell when it comes in contact with the substrate surface. However, mechanisms behind the adhesive attachment of the cell, the influence of the surface in this interaction and how it subsequently influences the proliferation of anchorage-dependent cells is yet to be fully explained. For example, filopodial extensions from fibroblast cells are capable of sensing nanometre scale topographical features as small as 10 nm, even though they are many times larger than the surface feature itself [18] . It is due to this interplay between cell and nanometre scale topography that has generated so much interest in recent years. The interest stems from the potential ability of nanometre scale topographical surface features of a substrate being able to mimic components of the ECM and this solicits a favourable response from the cell to attach and proliferate [19] . It should also be mentioned that cells also respond to the layer of proteins that are normally deposited over the surface of a biocompatible substrate when it is immersed in a physiological fluid. During immersion, protein adsorption by the nanometre scale topographical surface features is highly dependent on the nature of the surface; for example surface charge, surface chemistry [20] , wettability [21] , surface density of cellbinding ligands [22] and nanometre scale topography [23] all play an important role in the cell-substrate interaction. It also highlights the importance of the nanometre scale topography in promoting protein adsorption, which ultimately decides the final performance of the substrate as an effective compatible biomaterial. For example, Yao et al. has recently shown that nanometre scale topographic enhancement of biocompatible implant materials promotes protein adsorption and the adhesion of osteoblast cells onto Ti 6 Al 4 V and anodized Ti surfaces [24, 25] . While studies by Webster et al. [26] have revealed a significant enhancement in the ability of osteoblast cells when attaching to nanoceramic materials.
The outcome of these studies clearly indicate that nanometre scale topographical features present on the surface of a biomaterial can have a significant influence on both protein adsorption and cell adhesion, which ultimately influences the performance of the biomaterial. In the case of nano-porous AAO membranes the dominant surface feature sensed by the cells, is the pore size of the membrane. The size sensing ability of osteoblast cells was confirmed by a study by Karlsson et al. [27] . This study found that by varying the pore size, it was indeed possible to control the secretion of specific protein species from the cell wall to the substrate, which in turn influenced cellular attachment, differentiation and mineralization taking place. In a similar study by Nguyen et al. [28] the cellular and molecular responses of smooth muscle cells to various nanometre size topographical features revealed their sensing capability and surface interaction.
Furthermore, the results of these studies suggest that it's the porous structure and topographical features of the AAO membrane that are influencing cellular behaviour. Therefore, the aim of the present study was to, for the first time, investigate the viability of using an engineered AAO membrane with fixed nanometre pore sized topographical features as a cell substrate for promoting cellular growth of MDCK cells for potential tissue engineering applications. The cells were cultured on two different kinds of nano-porous AAO membranes and a laboratory grade glass control. The first membrane was synthesised in-house, while the second was a commercially available membrane (Whatman ® Anodisc 25, 0.1 µm). Both membranes had a mean pore diameter of 100 nm, but both had different inter-pore spacing and surface roughness. The cellular response of MDCK cells to both porous membranes and the glass control surface was evaluated over a 72 h period using the CellTiter 96 ® Aqueous One Solution cell proliferation assay procedure. Cell adhesion and morphology on all three substrates was investigated using optical microscopy and Field Emission Scanning Electron Microscopy (FESEM). ) was used throughout all synthesis procedures involving aqueous solutions.
Materials and Methods

Materials
Fabrication of nano-porous AAO membranes
The membrane fabrication process begins with a high purity (99.99%) 100 mm square Aluminium (Al) sheet, 0.25 mm thick supplied by Alfa Aesar, USA being cut up to form 50 mm x 20 mm strips. The individual strips are then annealed in nitrogen at 500°C for 5 hours to re-crystallise and release mechanical stresses in the strips. After annealing, the Al strips were degreased in acetone and then etched in 3.0 M sodium hydroxide for 5 minutes before being thoroughly washed in Milli-Q ® water. The strips were then dried before a layer of polymer was applied onto one side of the strip. At this point, the strip was ready for the first step of the two-step anodization procedure. During the first step, the strip is anodized using a voltage of 60 V in an electrolyte solution of 0.3 M oxalic acid for 5 hours. At the end of the first anodization: the resulting thin layer of oxide formed on one side of the strip was removed from the substrate by immersion in a stirred acidic solution composed of phosphoric and chromic acid (70 mL/L and 20 g/L, respectively) at 60°C for 1 hour. This step was necessary to selectively remove the first oxide layer and expose a highly periodic and indented landscape covering the surface of the Al substrate. These indentations form the initiation sites for the subsequent formation of pores in the second anodization step [1, 4, 29] . The second anodization is performed under the same conditions as the first step, except the second step the anodization period is 3 hours. This gives rise to a regular, honeycomb arrangement of nanometresized pores that extend across the surface of the oxide layer. The nanometre sized pores are then widened by chemical etching in a 5% solution of phosphoric acid at 35°C for 15 minutes. Then a thin layer of Acrifix 192 was applied to the anodized side of the Al strip. This serves as a physical support for the membrane during the removal of the Al substrate using an acidic solution mixture composed of 0.1 M copper chloride and 7% hydrochloric acid. Following this; the barrier layer oxide was removed from the membrane by etching in phosphoric acid. The complete dissolution of the barrier layer and acrylic support results in providing a clear oxide membrane. The stage of processing involved the sterilization procedure, which consisted of immersing the membranes in a 30% solution of hydrogen peroxide at 60°C for 15 minutes. This was followed by quickly dipping the membrane into a solution of Milli-Q ® water for 10 seconds to remove any hydrogen peroxide from the membrane surface and complete the sterilization procedure. The membranes were then allowed to dry before being stored in airtight containers ready for future characterization and cell studies applications. Figure 1 presents a field emission scanning electron microscopy micrograph of a representative in-house nanoporous AAO membrane fabricated using the two-step anodization procedure. The image highlights the high porosity, narrow pore size and inter-pore distance distribution of the in-house membrane used.
liquid nitrogen and thus needed to be resuscitated. The resuscitation procedure consisted of rapidly thawing an aliquot of cells to room temperature and then adding the cells to a 5 mL medium solution prewarmed to 37°C. The medium used was Dulbecco's Modified Eagle's Medium (DMEM) and contained 4500 mg of glucose/mL, 100 mg of sodium pyruvate, L-glutamine, penicillin streptomycin and 10% fetal calf serum (FCS) all supplied by Sigma Aldrich, Australia. The cellmedium solution was then centrifuged at 200 g for 10 minutes, after which the supernatant was discarded and the cells were re-suspended in a medium of DMEM and 10% FCS. Then a 1 mL sample of the cell-medium solution was added to 75 cm 2 tissue culture flasks, each containing 10 mL of a medium containing DMEM and 10% FCS. The cells were then incubated at 37°C with a 5% CO 2 atmosphere until a confluent layer of cells formed on the bottom of the flask. At this point sub-culturing of cells was started. During this procedure, the medium was removed from each flask and the remaining cells were washed twice, each time with a fresh 10 mL phosphate buffer solution (PBS). Then a 2 mL solution composed of two active ingredients, namely trypsin and ethylenediaminetetraacetic acid (EDTA) (0.05% trypsin and 0.01% EDTA, with the balance of the solution made up by double distilled water) were added to each flask. Each flask was then gently agitated until the solution was evenly spread over its bottom before the cells were incubated at 37°C for a further 20 minutes. At the end of this time, the cells in each flask were dislodged from the flask bottom by agitation. Then a 10 mL solution of DMEM, containing a 10% solution of FCS was added to each flask to aid in the neutralization of trypsin. The cells were then collected and transferred into a clean tube before being centrifuged at 1000 rpm for 5 minutes at 40°C. At the end of centrifuging the solution, the supernatant was removed and the cells were re-suspended in a 3 mL solution of DMEM culture medium containing 10% FCS. After suspension, a 1 mL aliquot of cells and medium was transferred into a new flask containing a 10 mL solution of DMEM. The cells were then incubated at 37°C with a 5% CO 2 atmosphere until confluence in conventional tissue culture flasks.
Cell adhesion studies: Both the in-house synthesised nanoporous AAO membrane and the commercially available Whatmann (1  x 10 5 cells/mL) suspended in DMEM culture medium and 10% FCS were transferred to each well of the culture plate using a pipette. Then a further 1 mL of DMEM medium was added to each well using a pipette. The cells were then incubated at 37°C with a 5% CO 2 atmosphere for 4 h. After 4 h, the first 3 membranes, located in the 4 h row of the culture plate were removed from their wells and washed several times using a PBS to remove unattached cells and DMEM medium. The remaining 9 membranes were then transferred from their wells and placed into wells with fresh culture medium on another 24 well cell culture plate. The transfer procedure ensured that unattached cells were removed and the original depleted culture medium was replenished. The cells were then incubated at 37°C with a 5% CO 2 atmosphere for a further 24 h. After being cleaned the first 3 membranes, were then prepared for microscopy and cell adhesion studies. After 24 h, a similar procedure to that discussed above was followed. The next 3 membranes, from the 24 h line on the culture plate were removed and prepared for microscopy while the remaining 6 membranes were then transferred to a new plate with fresh culture medium in the wells and the method was again repeated for both the 48 and 72 h time periods. Furthermore, the cell adhesion procedure was carried out in triplicate to ensure consistency in the study.
Cell proliferation assay:
The number of viable MDCK cells proliferating over the surface of each respective membranes and glass controls were quantified over a 72 h period using the CellTiter 96 ® Aqueous One Solution cell proliferation assay procedure. The cell proliferation procedure consisted of preparing a 24 well cell culture plate supplied by Cellstar ® Greiner Bio-One, Germany to contain a set of membranes and glass controls. Three culture plates were used in total during the procedure, thus making up a triplicate set of results. A set of 4 samples of each membrane type and glass control were individually placed into a separate well of a cell culture plate, with each sample set being used for each time interval (4, 24, 48 and 72 h). The wells were then filled by adding a 1 mL solution of MDCK cells (1 x 10 5 cells/mL) suspended in DMEM culture medium with 10% FCS and 1% PBS using a pipette. The cells were then incubated at 37°C in a humidified, 5% CO 2 atmosphere for 4 hours. After 4 hours, the first 3 samples were then transferred to wells, pre-filled with 500 µL of fresh culture medium, located on a new cell culture plate. The evaluation of the initial cell proliferation was carried out by adding a 60 µL solution of CellTiter 96 ® Aqueous One Solution reagent to the wells using a pipette and then following the suppliers procedures. The cells were then incubated at 37°C in a humidified, 5% CO 2 atmosphere for a further 1 h. Meanwhile, the remaining 24, 48 and 72 h samples on the original culture plate were then transferred to a new culture plate, with wells prefilled with 500 µL of fresh culture medium. These cells were then incubated at 37°C in a humidified, 5% CO 2 atmosphere for a further proliferation period. After the additional 1 h, the 4 h samples were removed from 
Statistical analysis
Major surface features such as pore density, pore diameter and inter-pore distance are presented as mean ± standard deviation. The frequency and size of the particular surface features were determined by counting and physically measuring the size of the features found within 10 randomly selected 1 µm square grids. The results of this analysis are presented in Figure 1 . The cell proliferation data obtained from the CellTiter 96 ® Aqueous One Solution cell proliferation assay (n = 36 membranes, including triplicates) were analysed using Microplate Manager 5.2.1 software for data analysis (Bio-Rad, Australia). The mean ± standard deviation of the cell proliferation study is presented in Figure 2 (e).
Characterization of Materials
The fabricated nano-porous AAO membranes and Whatmann ® Anodisc membranes were examined by field emission scanning electron microscopy (FESEM). The micrographs were taken using a Zeiss Neon EsB FIBSEM. The field emission electron gun provided both high brightness and high resolution (0.8 nm). Samples were mounted on individual substrate holders using carbon adhesive tape before being sputter coated with a 2 nm layer of platinum to prevent charge build up. Micrographs were taken at various magnifications ranging from 2 to 5 kV using the SE2 and InLens detectors.
Optical microscopy was used throughout the cell studies to examine cell-membrane interactions such as attachment and proliferation. An Olympus BX51 compound microscope (Olympus Optical Co. Ltd., Tokyo, Japan) was used for all optical studies and photographs were taken using the DP 70 camera attachment. Before microscopy observation, the adhering cells on each membrane were fixed by immersing the respective membrane in a 500 µL solution of 2.5% glutaraldehyde at 4°C overnight. The following day, washing the membranes several times with PBS removed the glutaraldehyde. The cells were then stained using an aqueous solution containing 1% Fuchsin acid. After 30 minutes the excess stain was rinsed off the membranes using double distilled water. After the membranes had dried they were then ready for optical microscopy investigation. Before FESEM observation, the membranes were washed in a 30% solution of ethanol several times before being allowed to soak for 15 minutes in the ethanol solution. At the end of this period, sequential drying of the samples using progressively increasing concentrations of ethanol washes (2 washers of 50%, 70%, 80%, 90%, and 95%), until being finally washed in 100% ethanol for 30 minutes. Following the ethanol washing procedure, the samples were then treated with a 50:50 solution of ethanol: amylacetate for 30 minutes. This was then followed by 2 immersions in amylacetate over a period of 1 h before being placed into a critical point dryer. Finally, the dried samples were mounted on FESEM stubs before being sputter-coated with a 2 nm layer of platinum metal for imaging purposes. The samples were then ready for FESEM investigations.
Results and Discussions
The unique structure and surface topography of synthesised nano-porous AAO membranes were investigated using field emission scanning electron microscopy (FESEM). The refined two-step anodization process is straightforward, economical and permits the selection of material properties such as membrane thickness, pore size, inter-pore spacing and pore density in a reproducible manner. The high open porosity of the nano-porous membrane has the potential to be a beneficial substrate for culturing a variety of different cell types, such as MDCK. However, to date, no work has been done to investigate cellular responses of the MDCK cell line to nano-porous AAO membranes or the viability of using the membrane as cell substrate for this epithelial cell line. The present study focused on the nanometre scale surface topographical features of the in-house manufactured nano-porous AAO membrane and a commercially available alumina membrane (Whatmann ® Anodisc) compared to a glass control. The study also examined cell attachment and a cell proliferation assay was performed over a 72 h period to determine the viability of using the nano-porous AAO membrane as a cell substrate. The material's surface investigation was conducted using FESEM, which was used to study nanometre scale surface topographical features of both the in-house and commercial nano-porous membranes. The surface terrain of the in-house nano-porous AAO membranes revealed an architecture that was highly ordered, with close packed hexagonal arrays of uniformly sized pores. The ordered pore domains are tessellated across a smooth undulating surface landscape as shown in Figure 1(a) . Examination of the FESEM micrographs, reveal the presence of occasional non-ordered pores between the pore domains. The non-ordered pores, which have also been reported by other researchers, result from inevitable point defects, dislocations and grain boundaries in the original Al substrate [30, 31] . Also present in the micrographs are a small number of minor pores merging with larger, nearby neighbouring pores to form elliptical shaped pores. Analysis of several 1 µm 2 survey locations (Figure 1(c) ) that were randomly selected from various locations across the membrane, revealed a pore density of 53 ± 3 pores/µm 2 (mean ± std), see Figure 1 narrow size distributions can be seen for both the pore diameter and inter-pore distance histograms in Figures 1(e) and (f) respectively. The narrow size distribution in these nanometre scale features is a clear demonstration of the two-step anodization techniques ability to consistently produce a highly regular, closely packed and uniform array of pores. This consistency was extremely important since the subsequent in vitro cell studies needed to be carried out on membrane surfaces with a regular surface topography.
The other nano-porous membrane used throughout the research work for comparative purposes, (since it had a similar pore size) was the commercially available Whatman ® Anopore (Anodisc) membrane [32] . The Anodisc inorganic membrane is composed of a high purity alumina matrix, with a honeycomb pore structure. The pores are circular in shape, have little variation in size and are available in 3 nominal pore sizes: 0.02 µm, 0.1 µm and 0.2 µm, with a nominal thickness of 60 µm. The Anodisc membranes have a porous structure that creates nano-channels that traverses the entire depth of the membrane, with no lateral crossovers between individual channels. This structure makes these membranes well suited for a wide range of laboratory filtration applications [32] . The manufacturer's specification contains no information regarding the type of synthesis process used to produce their membranes or details of size variation of pore diameter and interpore distance. Analysis of the pore geometry and diameter using the same measuring techniques used for the in-house manufactured AAO membranes revealed that the Anodisc's mean pore diameter is 120 ± 45 nm. The mean distance between pores, calculated from the nominal density of pores is estimated to be around 0.32 µm, however, X-ray diffraction studies of Anodisc filters by Fisch et al. [33] found a mean distance of around 0.37 µm. Their results also revealed that there was very little difference in the X-ray spectra from 0.1 and 0.2 µm pore sizes and subsequent simulations of model spectra confirmed the mean inter pore distance of 0.37 µm. Inter-pore distance measurements reveal that the mean pore distance is between 0.32 µm to 0.37 µm on the anodisc samples used in this work. However, it should be pointed that despite having a fairly consistent pore geometry and distribution, with no apparent pore domains present, the anodisc membranes have the largest variation in pore geometry and inter-pore spacing. In addition, the pore wall thickness is not consistent across the membrane, with many very rough edges that protrude up from the surface along many of these inter-pore walls, see Figure 1(b) . Overall, the landscape of the anodisc membrane is very rough compared to the in-house fabricated membranes which are smooth and undulating, with a more refined nano-topography.
Optical microscopy investigations of MDCK cells after 24 h of cultivation on all three substrates reveal good cell adhesion; with a flattened polygonal morphology and wide spread coverage over the substrate surfaces, see Figure 2 . Examination of Figure 2 (a), Figure  2 (b) and Figure 2 (c) reveal that the cells cultured on the nanoporous membranes are comparable to those cultured on the glass control substrate. Furthermore, the surface of the cells was covered by numerous microvilli which extended from the cells to a length of several micrometres. Besides increasing the surface area of the cell, the microvilli are actively involved in adsorption, cellular adhesion and secretion [34] , their presence clearly indicates that the cells are interacting with the ECM and the nano-porous membranes, see Figure  3 (c), Figure 3 (d) and Figure 3 (e). The FESEM micrographs generated also reveal the presence of filopodia at the cell boundaries, which spread out over the surface of the nano-porous membranes using the pores as anchorage points. There is also indications that long thin filopodia (< 100 nm in diameter) are also penetrating into the upper region of the pore structure to enhance their attachment to the nano-porous surface, see Figure 3 (f).
Even though the glass substrate didn't have the nanometre scale topographical features of the two membrane types, the cells still attached and were homogeneously distributed over the entire surface of the substrate. Examination of the optical microscopy images presented in Figure 2(a), Figure 2 (b) and Figure 2 (c) for 24 hours of cultivation revealed that the bulk of the surfaces on all three membranes were covered with cells. The results of the adhesion studies clearly demonstrated cell attachment and interaction on both nano-porous membranes and the glass control, but did not provide any biological information regarding the long-term viability of cell survivability. Therefore, a cell proliferation assay was carried out since proliferation is an important factor in determining the long-term survival of cells on a tissue culture substrate or tissue engineering scaffold potential. Figure  2 (b) presents the results of the cell proliferation assay carried out over a 72 h period. During the assay there was no evidence of infection or toxicity effects occurring to the cells over the test period.
After the first 4 h, the number cells adhering to the glass control was higher than both of the nano-porous membranes. Significantly more cells were present on the Whatman ® Anodisc membrane (71.2% compared to the glass control) than those on the in-house AAO membrane (33.3% compared to the glass control). During the following days, the number of viable cell proliferating on all substrates continued to increase. By the end of the 24 h period the number of viable cells on the in-house nano-porous AAO membrane was 9.8% greater than the glass control and significantly greater than the Whatman ® anodisc membrane, (which was only 52% of the cell growth on the glass control). From this point on, the Whatman ® anodisc membrane was always significantly less than both the in-house AAO membrane and glass control. At the 48 h period, the in-house AAO membrane was 2.2% greater than the glass control and greater than the Whatman ® anodisc membrane which was 90.8% the value of the glass control. And by the 72 h time period, both the in-house AAO membrane and the glass control are comparable with the AAO membrane having 1.8% more viable cells than the glass control. At the end of the 3 day proliferation assay the highest number of viable cells were found on the in-house AAO membrane, while the lowest number of viable cells was found on Whatman ® anodisc membrane.
A direct comparison between the in-house AAO membrane and the glass control is presented in Figure 2(e) . Initially, the glass control has the largest number of viable cells attached to its surface, but by the 20 h period, cell proliferation on in-house AAO membrane is comparable with the glass control. From the 20 h period, the number of viable cell numbers on the in-house AAO membrane is marginally greater than that of the glass control. During the 72 h period; the overall proliferation rate was found to be slower for cells cultured on the Whatman ® anodisc membranes, this is despite of the initial superior number of viable cells recorded at the 4 h period. From the 4 h period onwards, the number of viable cell numbers on the Whatman ® anodisc membranes is consistently less than both the in-house membranes and glass controls. One possible factor that maybe influencing cell behaviour and proliferation on the Whatman ® anodisc membranes is the many very rough edges that protrude up from the surface along the pore walls. The roughness caused by these protrusions tends to nanotexture the surface of the membrane, which is significantly different from both the in-house AAO membranes and the glass controls. At the end of the 72 h cell proliferation assay the number of viable MDCK cells on the in-house AAO membrane was 17. . The study indicates that the inhouse AAO membrane was capable of being used successfully as a cell culture substrate for the MDCK cell line. The assay also suggests that the increased surface roughness of the Whatman ® anodisc membranes had influenced the MDCK cell behaviour which resulted in lower numbers of viable cells attaching and by the 48 h period the number of viable cells on the membrane had levelled out, see Figure 2 (d). This suggests that it may be possible to influence MDCK cell behaviour and proliferation by nano-texturing the surface of a membrane in a similar nanometre scale surface topography to the Whatman ® anodisc membranes.
The importance of this study in progressing potential tissue engineering applications using AAO membranes as a cell substrate is derived from the current biomedical use of the MDCK cell line as a general model for epithelial cells. Epithelia cells are tightly packed and organized into sheets that form epithelium tissue, which is mainly found covering the internal organs and other surfaces linings within the body. To treat damaged surface and lining epithelia, cells and biocompatible substrates such as AAO membranes upon which cells can attach and proliferate rapidly are the key components of this technology. This study confirms that it is possible to culture MDCK epithelial cells that retain histological characteristics and proliferation rates that can be used to produce a confluent layer over the AAO membrane. Future studies will be needed to examine the further potential of lifting the cellular layer from the membrane and directly applying it to prepared receiving wound bed were it is expected to enhance the treatment of damaged surface and lining epithelia.
Conclusion
The present preliminary study has established that an in-house nano-porous AAO membrane has the biomedical potential for culturing the Madin-Darby Canine Kidney (MDCK) cell line. The membrane material was used without any further surface modification and showed no cytotoxic effects during the 72 h cell proliferation assay. Cells were seen to adhere to both membrane types, with the presence of thin filopodia clearly anchoring the cells to the nano-porous surface. The number of viable cells at the end of the 72 h cell proliferation assay revealed that the in-house nano-porous membrane was comparable to the glass control.
